Objectives. The purpose of this study was to (1) determine the knowledge acquired by the end of an Internet-based tobacco use cessation educational intervention (2) determine the knowledge retained one year after the intervention, and (3) estimate the degree to which pharmacists' practice related to tobacco use cessation changed in the year following the intervention. Methods. Thirty-eight nontraditional Doctor of Pharmacy students enrolled in respiratory pharmacotherapy completed a pretest, an Internet-based tobacco use cessation educational module, an end-ofmodule posttest, and a 1-year posttest, as well as surveys at each testing time.
INTRODUCTION
Educational programs for pharmacists delivered primarily through the Internet are widely available. [1] [2] [3] However, there are only a few studies in the pharmacy literature that examine the impact of Internet-delivered educational programs on either pharmacists' knowledge or practice. 4, 5 Consequently, a study was undertaken to further examine these issues. The primary objective of this study was to determine the knowledge acquired at the end of an Internet-based educational intervention. Secondary objectives included determining the intervention's influence on anticipated changes in pharmacists' practice determining the knowledge retained 1 year after the intervention, and estimating the degree to which pharmacy practice activities related to tobacco use cessation changed in the year following the intervention.
METHODS
The University of Minnesota College of Pharmacy Office of Outreach Education offers a required respiratory pharmacotherapy course as part of the nontraditional Doctor of Pharmacy (PharmD) curriculum. All materials for this course are delivered on the Internet via WebCT (WebCT, Inc, Version 3.6, 2000). The course contains several modules, including a tobaccouse cessation module. The tobacco-use cessation module was chosen as the educational intervention to be studied because: (1) tobacco use has a significant adverse impact on the health of tobacco users and the health care costs of the United States, 6-9 and (2) it is likely to be applicable to most if not all learners' prac-tices because tobacco-using patients are likely to be encountered in a variety of pharmacy practice settings.
The contents of the tobacco-use-cessation module included a pretest, 3 lectures, 2 case discussions, and a posttest. The 3-lecture series included materials on the health consequences of tobacco use, nonpharmacological approaches to tobacco use cessation, and pharmacotherapy of tobacco use cessation. The 3 lectures and 2 case discussions were presented as slides with streaming audio. Learners were encouraged to pause the case discussion presentations at several points to complete self-assessments. Answers to the case discussions were then provided after each self-assessment stage. All slides could be printed out to facilitate note taking and future studying. The lectures and case discussions could be reviewed as often as each learner desired during the time the lectures were available through WebCT (approximately 2 weeks). Tests were administered through WebCT, using the College's honor code. A learner's performance on the pretest did not affect their course grade. The posttest score was 20% of the learner's overall score in the respiratory pharmacotherapy course.
Participants
All learners enrolled in the respiratory pharmacotherapy course in the Fall 2000 semester were eligible to participate in the study. All learners in the course, regardless of enrollment in the study, completed the tobacco use cessation module as described. In addition, those who volunteered for the study were asked to: (1) agree to let investigators use their pretest and posttest data for study purposes, and (2) complete 2 surveys, one before the pretest (initial survey) and one after the immediate posttest (exit survey), and (3) complete a follow-up test and survey at 1-year post-intervention. Those learners who provided informed consent, as approved by the Human Subjects Committee of the University of Minnesota's Institutional Review Board, were enrolled in study. The design of the study is summarized in Figure 1 .
Test Design
There were 3 main goals that determined the method of pretest and posttest design. First, in an effort to minimize any repeat testing effect for the pretest and end-of-module posttest, which would be taken within 2 to 3 weeks of one another, no single participant should be given the same question on these 2 tests. Second, the 2 tests had to be the same level of difficulty. Third, both tests had to cover all learning objectives. To meet these goals, an 80-question master test was written. The 80 questions were stratified by learning objective and then randomized to 1 of 2 tests (test A or test B), so that each test block was 40 questions long and did not contain the same questions. The use of question blocks ensured that the tests covered the same learning objectives and the use of randomization maximized the likelihood that the examinations were of similar difficulty. In an effort to expose a difference in test difficulty if one existed, half of the participants (group 1) received test A as the pretest and test B as the immediate posttest, while the other half of the participants (group 2) received test B as the pretest and test A as the immediate posttest. Test scores are reported as the percent of questions answered correctly.
The follow-up test was given 1 year after the intervention and included a shorter, 16-question multiplechoice examination in order to optimize response. These 16 questions were selected randomly from the original 80-question master test, after being stratified by test (A and B), lecture, and learning objective.
A participant's test scores were not used in the analysis if: (1) the participant did not finish the course in the fall 2000 semester (drop or extension); (2) the participant did not submit one of the tests; or (3) it was clear that through logistical error they had access to the same test as a pretest and immediate posttest. 
Survey Design
The initial survey instrument collected basic demographic data related to participants' practice, interest in professional continuing education, and interest in tobacco use cessation. The end-of-module exit survey instrument asked participants to estimate their change in knowledge related to tobacco use cessation. It also asked them to estimate any change in involvement with their future patients related to tobacco-use cessation, focusing on several components of the tobacco use and dependence Clinical Practice Guidelines, 10 including asking patients if they use tobacco, advising them to quit if they do, and assisting them in their cessation attempt. The 1-year survey instrument asked subjects to estimate their change in practice related to tobacco-use cessation, again focusing on components of the Clinical Practice Guidelines. The survey instrument also asked subjects to estimate their change in number of known successful cessations.
Statistics
Anticipating a relatively small sample, and given that the scores would not necessarily be normally distributed, nonparametric statistics were used. The primary outcome, the change in immediate posttest versus pretest score, was analyzed using the Wilcoxon signed ranks test. Comparisons of differences in means between test A and test B (to test for differences in test difficulty) used the Mann-Whitney test. Statistical significance was set at less than 0.05 for all tests.
RESULTS
Sixty-one learners were enrolled in the respiratory pharmacotherapy course, and of these, 44 learners (72.1%) consented to participate in the study. The flow chart and accounting of these 44 subjects are shown in Figure 2 .
Selected demographics of the 44 participants are shown in Table 1 . Ninety-one percent were between the ages of 35 and 54 years old. Slightly more than half of the subjects practiced in a hospital setting. Nearly 80% of subjects reported that they enjoyed participating in professional continuing education programming, while 15.9% were neutral and 4.5% reported that they did not enjoy participating in continuing education. Only one third of subjects reported being comfortable with their knowledge related to tobacco-use cessation at baseline. Table 2 summarizes the subjects' baseline pharmacy practice patterns related to tobacco use cessation. The percent of participants who reportedly asked their patients if they smoke, encouraged them to quit, and actively identified methods to assist them were 50.0%, 73.1%, and 61.5%, respectively, at baseline.
Knowledge Acquisition
Thirty-eight of the subjects completed both the pretest and posttest and were included in the primary outcome analysis. Six of the subjects were not included in the primary analysis for the reasons shown in Figure 2 . The summary of scores is shown in Table 3 and the score frequencies for both the pretest and posttest are shown in Figure 3 . On the 40-question pretest, the mean score was 36.3% (range 25.0-55.0%). On the 40-question posttest, the mean score was 84.5% (range 67.5-97.5%). All subjects improved their test scores. The mean change in score (end-of-module posttest versus pretest) was 48.2% (range 27.5% -62.5%, P<0.001). The mean change in scores for group 1 (those taking test A as pretest and test B as posttest) was 50.5%, compared to a mean of 45.3% for participants in group 2 (those taking test B as pretest and test A as posttest). This difference was not significant (P<0.11), with both the magnitude of the difference and the P value suggesting that the tests were of similar difficulty. A subanalysis was performed to determine the extent of improvement on each of the 3 knowledge areas tested (health consequences of tobacco use, nonpharmacological interventions, and pharmacotherapy of tobacco use). Participants performed equally well in all 3 knowledge areas (Figure 4) . The average score on questions related to health consequences of tobacco use improved from 34.7% to 83.7% (P<0.001). The average score on questions related to nonpharmacological interventions improved from 32.2% to 70.4% (P<0.001). The average score on questions related to pharmacotherapy of tobacco use improved from 37.6% to 86.9% (P<0.001). Thirty-five of 44 participants completed the endof-module exit survey. All 35 respondents reported that they felt their knowledge regarding tobacco use cessation had improved compared to prior to the educational module, and all reported being comfortable with their knowledge and familiarity of tobacco-use cessation.
Anticipated Practice Change
Among the 35 end-of-module exit survey respondents, 13 reported that they did not have patient contact in their practice site and 22 reported that they did have patient contact. Of those respondents reporting patient contact, 81.8% reported that they planned to increase both the number of patients they asked about tobacco use and the number of tobacco using patients they planned to encourage to stop. A higher percentage of participants, 90.9%, reported that they planned to increase the number of patients whom they would actively help to identify methods to stop using tobacco.
One-Year Follow-up
Fourteen of the original 44 participants (31.8%) responded to the 1-year follow-up. Of these respondents, 4 reported having a practice that involved no patient contact, while 10 reported having a practice in which they did have patient contact.
Knowledge Retention at One-Year Follow-up
Of the 14 follow-up respondents, 2 were excluded from the analysis of knowledge retention because they had been excluded from the initial primary outcome analysis. The mean score on the 1-year follow-up test was 51.6% (range 18.8%-87.5%). For just those pharmacists with patient contact, the mean score on the 1-year follow-up test was slightly higher at 54.9% (range 31.3%-87.5%). Comparing each participant's score to their original pretest score, the mean change in score at 1 year was +14.7% (range -11.3% to +57.5%; P=0.012). When this same analysis was run for just participants who reported contact with patients, the mean change was +18.8% (range +1.3% to +57.5%; P=0.008). All respondents reported that they were The knowledge retention for each content area was determined in a subanalysis (Figure 4 ). For questions related to the health consequences of tobacco use, participants' average score declined from 83.7% on the posttest to 66.7% at 1 year; however, the scores were still significantly higher than the average score on the pretest of 34.7% (P=0.028 for 1-year vs. pretest). For questions related to nonpharmacological interventions, participants' average score maintained most of the posttest gain, only declining from 70.4% on the posttest to 62.5% at 1 year. This 1-year average score was significantly greater than the 32.2% average score on the pretest (P=0.026). For questions related to pharmacotherapy of tobacco use, the average posttest score of 86.9% fell sharply to 43.3% at 1 year, which was slightly more than the average pretest score of 37.6%. This difference was not statistically significant (P=0.694 for 1-year vs. pretest).
Self-Reported Change in Pharmacy Practice at One-Year Follow-up
The analysis of change in pharmacy practice was limited to the 10 subjects responding to the follow-up survey instrument who reported contact with patients in their practice setting. Of these 10 respondents, 5 (50%) reported that they had increased the number of patients they asked about tobacco use and the number of patients they assisted with their cessation efforts, while 6 (60%) reported that they had increased the number of tobacco-using patients they encouraged to quit. The median self-reported estimate of additional patients asked about their tobacco use per month was 5.5 (range 4-150). The median self-reported estimate of additional patients encouraged to quit per month was 4 (range 1-100). The median self-reported estimate of additional patients for whom methods were identified to assist in cessation efforts per month was 3 (range 1-50). Two responders reported that they had increased the number of successful cessation patients by an estimated 1 and 5 per month, 6 reported that the number of successful cessations per month had not changed, and 2 reported that they did not know if it had changed.
DISCUSSION Knowledge Acquisition
In this study, learners in a nontraditional PharmD degree program acquired substantial knowledge during an Internet-based tobacco-use cessation module, with a mean pretest score of 36.3% increasing to a mean posttest score of 84.5%. This improvement was not due to a repeated testing bias since participants did not receive the same questions on the pretest and posttest. Furthermore, the test results of groups 1 and 2 determined that this improvement was not due to a difference in difficulty between the pretest and posttest. With these biases minimized, the improvement in test scores likely was due to the educational intervention itself.
Knowledge Retention
At 1 year, participants retained knowledge related to health consequences of tobacco use and nonpharmacological interventions as the average test score was approximately 100% higher than the preintervention score and remained statistically significant. However, the 1-year test subscore for pharmacotherapeutic knowledge was only 16% higher than the pretest score, and this was not significantly different. The reason for this disparity between retained knowledge in the nonpharmacologic content versus the pharmacotherapy content is uncertain. It is possible that participants concentrated their practice change efforts in the area of screening and nonpharmacologic interventions and therefore retained the knowledge in the area that they emphasized in their practice. Although the examination was designed to measure relevant practice-related content, it may have overestimated the pharmacotherapeutic knowledge being applied in participants' practices. Lastly, it is possible that the health consequences and nonpharmacologic information was more novel to the participants and therefore had higher retention.
Comparison to Current Pharmacy Literature
The knowledge acquisition and retention findings of this study can be compared to previous work by Olson and colleagues 4 and O'Neil and Poirier. 5 Olson and colleagues described a pretest-posttest assessment of 12 pharmacists who completed an Internet-based educational intervention focusing on cholesterol management, with the posttest given immediately following the educational intervention. 4 This parallels the knowledge acquisition phase of this study. The Olson study reported pretest and posttest mean scores of 36.8% and 62.6%, respectively (P<0.005), which is similar to the knowledge acquisition phase of this study.
O'Neil and Poirier completed a pretest-posttest assessment of nontraditional PharmD students completing 6 pilot Internet-based courses. 5 The number of participants ranged from 13 to 28 in the six courses. The timing of the O'Neil posttest ranged from 6 to 12 months following the intervention, which is similar to, but somewhat shorter than, the knowledge retention phase of this study. Statistically significant increases in knowledge in all 6 courses were reported, 5 with pretest scores ranging from 33% to 70.5% and posttest scores ranging from 65% to 89%. These data were originally reported as raw test scores; 5 however, after obtaining permission from the authors, data were converted to percents for easier comparison (telephone conversation, with authors Christine K. O'Neil and Therese I. Poirier, Mylan School of Pharmacy, Duquesne University, Pittsburgh, Penn, December 17, 2002). These findings were similar to the 1-year follow-up knowledge retention data for nonpharmacologic content in this study.
Direct comparisons of the Olson or the O'Neil and
Poirier study with this study should be made with caution because (1) didactic content was not the same, (2) the participant samples were not the same size and, although all were pharmacists, the samples may otherwise have been heterogeneous, and (3) test content and design was not the same. Even with these limitations, this study and the previous literature both support the value of Internet-based educational intervention in enhancing pharmacists' knowledge.
Potential Impact in Practice
Immediately after the educational intervention, between 80% and 90% of participants anticipated that their involvement with tobacco-using patients would increase. Many participants' anticipation of increased involvement was accurate, as 50% of those responding at 1 year did indeed report an increase in involvement with tobacco-using patients. If the participants' selfreported estimates were accurate, this group of 10 practicing respondents collectively assisted an additional 72 patients in successful cessation efforts throughout the follow-up year. However, the practice change data need to be interpreted with caution because of several limitations, including: (1) the low response rate at 1 year (10 practicing participants), (2) the practice change data were self-reported estimates, and (3) the wide range of estimates of increased practice interventions, making further study essential. Nevertheless, the data do suggest that the module had a clinically meaningful impact on some participants' tobacco-use cessation interventions.
CONCLUSIONS
This study demonstrated that an Internet-based tobacco-use cessation educational module provided learners with significant initial knowledge, and this knowledge was retained 1 year after the intervention. To varying degrees, the module increased many participants' reported involvement with tobacco-using patients and improved the number of successful interventions. Further study is necessary to investigate similar modules' effects on the ability to apply knowledge and implement practice change.
